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(54) MAGNETIC SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the thickness of the soft 
magnetic free layer of a magnetoresistance effect element, to 
stabilize magnetic characteristics and to enable adaptation to 
high density recording by laminating an interface layer for 
controlling magnetostriction on one face of the soft magnetic 
free layer opposite to the other face kept in contact with a 
nonmagnetic electrically conductive layer. 

SOLUTION: An underlayer 14, an interface controlling film 17, a 
soft magnetic free layer 13, a nonmagnetic middle layer 12, a 
ferromagnetic fixed layer 15, an antiferromagnetic film 11 and a 
protective coat 30 are successively laminated on a substrate 50 
to constitute a magnetoresistance effect laminated film 10. The 
soft magnetic free layer 13 consists of an Ni-base alloy layer 
133, an interface controlling layer 132 and a Co-base layer 131. 
The Ni-base alloy layer 133 preferably comprises a composition 
having nearly zero magnetostriction in the case of a thick film, 
e.g. Ni-19 at.% Fe. The interface controlling layer 132 is formed 
in an extremely small thickness of ≤1 nm and the Ni-base 
alloy layer 133 and the Co-base layer 131 are magnetically 
integrated. The interface controlling layer 132 preferably 
comprises a material less liable to produce a crystal structure 
or a magnetic structure, e.g. Cu so as not to reduce 
magnetoresistance effect. 
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flt«C«OC£#r*ft<ft*£^a»JSftS. £6CC, N 
i >; *^ffl/?£(DN i -F em~C\Z, »««Ftt^>C»CCS 

[ o o 5 3 ] fcr, *gwiT»3\ mmwtKDmmx 

**Jlffl. ^±M^<ommXmft. T a/N i Fef^ 
BS*5J:0'N i F e/C o F e^ffi^:£<Dgi5#KftOT 

»ffi©ja©/c«e>©jfAB*ii^o/cfe(D^*^ c kmc 

[0 054] H8WCu»A«*t>*i/ti*^©fi8S<Dffl 
U 0.2nm «±t(i^i^oU^ 0 

x\*mftwm&msttr2>&. §M^it4x 1 o- 7 o 

«5>«WS**S. C<DfflttH5«C*JWSN i F e/Co 
FeliltN i FegSKOi (8BE14HK/56 nmr 
CO) CC«K3}?tA>. U/d^tNiFeSftliNiF 
e/CoFeaiH©8^©itt, CoFe/CuSI 
0DgJ®5^/jN$ < . (3t<hA,<t*N i F e/C o F e^ffiCCj: 

[OO55]09(ctNiFe5 nm/CoF e 1 nm@ 

sit kc u# A»«r(r»*ifc^ ^>^^motmmtm 

^f&TfZtt. MB ttiffltfit 0 .2-0 .5 nmlg 



(7) 



n 



»K«c <fc Olt^^-F JllXTCD C u Jf A/f (c J: £ S S 
[0 05 6];£*CTa/N i F e <D£ 5fc$fcB&t£S£Jl* 
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[0057] 



» 1 











glass/ S V 








gla&fi/R ul^2/SV 


SitS- 


fife? 




glass/T a 5/Rul-2/SV 


* 






glass/T a 5/C u 1/SV 




HinttSJffl 




glass/T a5/IMiFe0.5~ 
2/C u O. 5-2/SV 




A» 




gla*s/T a 5/N 1 

2 /R u O. 5^2/SV 


6 


Aft? 





S V(D®$*ttN i Fe5/C©Fel/Cu2.3/Co3/ 
C r M n P t 3 O/T a 3 ) 



[0058] qlass/S V 0 s glass/ R u/S V <D 

«««©«*KfbJ|53WSTbfc. CtiiiT 20 

U iS«»tt3&^TLfeCi*sjHH<t#^6ti*. glass 
/Ta/Ru/SV <fc glass/T a /C u/SV 

[0 059] toi *>affttiB*«:^LfcO« 1 n mil 
£<DN i F eTtt&JiiCu. Ru<DjfAJl (JMT^VT 

[0060]|10«Cul nm^U7i*ffll*N i 30 

f e Tt&mvm s <b a gnoKtbsoKiffi*** u fciar 

Oitifi^X, N i F eTiftHW/PS 1 . 1 n 
m «Tt?ttTaBliia^Ur»fk*«*LT:*jO, 3 
e>CC, Cu^yTJHfc*©JJl©N i F eisirg^ 

[006 1] T&to%. CuIliN i FeSil^lt 

oiiJffflBSti. r^yrJBj iWLr«us^ H 40 
BHcisn i FeH©ffi«*fti*Jr*rciS*>wrtt«cCi 

iEBtffifba)** t>T a < C u «cttS C <k -c* 0 , 
r/tyrlij oaftKN i f e ■^oaMoHMlMtt 

[0 06 2 ] HI 1«N i - 1 4 wt%F eT*B<D/S 
S^l.lnm -Si^cB?©, Cu/^JTKDSJt 



[006 3] 01 2ttRu^'jr«*ffl^fciM©» 
l^SLfcirfeS, R u 0 . 6 nmW±OK»r««S 
(Dffltt' < U TBft L©Kf4CCJ:h^r 3^tt «D t o 

TfcO, ^CDffitJN i F eM**(DffitCifil^ 0 C<Di££jfl 

[0064] Ml 3teCu*5£&Ru'*')Tm&&mL 

tcxvisJw^mDffi^im^istcmx&h. cu 

&ttffltfft6ft&«'. *©1»0 .5% SKTft^t, 
[0 06 5] JBt±<D<fc9K:* TflSHJttCl^/^-hJl/ 

fiiS<DN i f ei/Ru < c u ) /mm m &m /tm 
mtamm o /cfiaaata^«ajg^H3s-c* set 

[0 06 6] CCClt^- HHI®DN i F eB/ 
Ru (Cu) f iC^aflE(C9Ur#it*5i, TtC 

b^enfj. T^Jtrseft^Kn^N i f eig<tftfi& 
tt s Antes l r«B©flttn* w±r £^kj»jicq^ 

[ 0 0 6 7 ] B 1 4 ttS{*/T a 5 n m/N i - 3 0 a 
t %P t 1 nm/N i - 1 8 w t %F e 1 0, 5. 3n 
ra/Cu2.3/Ta3 IS<DB - H^-^*^U/cHt? 
m50)mCBZ<D)l'-7±tb%lLX. Ni-Pt 



13 

mBMmm&ttm l tc n i f dm<omit mmzw t>frtc& 

[0068 ] 01 5B?^?l%Ni^WHi 
tffll>fcN i F e 1 0nrali©^il/fcitife5. 
#™5PJl©*&Ejctt*n-e*v N i - 3 0^%C r , 
N i -30HWCu, *<GN i . te<tyN i -3 OB* 
%Pt (N i F e ) £S?ieLfc*«:WJ©W 

sunni i > tcmowmte-r^x &m l x i > * c t a 

<ft(CN i - P tOI?ffi^JfflIBr«JS^«ti{3!-y 
[OO69]016»Ni-Pt ®J&*%.Z.fcfmnW 

m<r>m-goN i -Feici? (/S3cwM®rr-^i,T£> 

■S) tmm<om^^Ltcm-C$>h, N i F e tfjkL 

*#&«$^ 0 rt>*©oc*J-i/. n i - p t mmmw 

i - 1 5HT%P tT'BN i F e Jc2tLT— 56 
[0 0 7 0 ] 0 1 7«N i - Fel3nm-SiWc« 

maffl®m<mm:$tz.z tmmomzm&xz h-n 

6. «{C N i - P t - C r ©<fc 5 ^^mJSJS^© 

T£18^©^-ffc#»£t,>N i-30at%Pt-15%C 

[007 1 ]@18BNi-Pt-Cr M©mm«ln^ 
<bC r&gK<DMi££^L/fc0-e*S„ C r *Wtm?2>h 
mSUgSi**: 2 0 - 1 0 0 uQaM&i?.X±.tfZ>ZL& 

[ 0 0 7 2 ] 0 1 9 «*&9!©«8^&t^S^F-K:<fc S 

i*5 oittjamififtayfMS/sjsi o. ii4o, tsi5-> 

7'3 7, 3-YJU4 2. ±§B=iT8 3 0 T & 9 . 2* 

iajE6 3£7&£t,-c&.5. 

[ 0 0 7 3 ] 0 2 0 «*|%^<PB6^ v v *m^tc®.&. 

at*a5g(*5 o ±{csamtges(isa^)g i o. ttEMo 

14 1, mm40iBfS.L. CtlbfrtiteZMm.'^v f 

zizmmtt 9 i ^-rsf -< * * 9 5±caeti h ^ ? ? 

4 4 ±ft{ig?fc*Ur#££fr 5 . 
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Th. C©{gtSK:<£9. aSmffitit^SIl^l 01*^^ 

x ? 9 5±<Dte§ifi8{*9 i tcfeissn/ciaawfi^. 
ssmt» 9 i ©innsi? 9 4 * e> c t &x # 3 
<dt-£>s„ 

[ 0 0 7 4 ] 0 2 1 tt#j%W©l&£ifeiaS£3£S©8iliS; 
T5f-/X^9 55r^f> KJl/*-^-9 3(CT0g3 
10 O^r^-^^f 9 50Dh7-^ 9±<CWmTZ. BP^fiS^T 1 

^x^@{c*j^r«^-^ kx 7-^-9 o±«c^b 

X i7 9 5 ±£D^<Die^(4gK: j£Jg L T ffittiElb L- . ft 
[0075] 7 *^»i-*-9 2»P-* >J-7t>* 

m^§rft-^Mffl*9 4 ^rft-^-i brf#^„ 3 

20 X, -j Ffrt><D1iS!&mts:tiit>Zm^X h^v? 

FXvJX-OQm&klbZir'yCt&XSZ. 
[0076] fflrtt-N-; M7-{^-90, fwXi? 
9 5£g l<l7KL-fc*5, Ctl6«^r*-5-Cfc«fc>% 
C»„ a X if 9 5 ttpfff CCl3&Mtt«:g L-CflNB* 

iai*ur^<fcc^ if^ia^^-f x^mm<J>m,^v 

FX7-ff-9 otjT^x^PgfficcKgT*. 

[0 07 7] ±^bfcJ:-5«:«^(c-o^T 1 ^^HOiS 

* fcSOTODfliiltt fc tc. 
[0078] 

lBfflDW*t*WI} 
40 fnUtc\MX$>Z>. 

[02] **w©samfifii3a«sjas©^-©«fiswi* 

mUtcmx&Z. 

[03] *^Hj©fiaMS6i^ffl)iJS©^H<D«^?: 
7nUfc0-C*S„ 

[04 ] *ftw<DMm.m,mmkmmm<Dmvs<»®f8im£ 
7jkutcmx$>2>. 

[05] fiasaSBON i F e£flik>fctttttti&IB<DIB 
fbfl^^l//c0-c*?.„ 

[06] fie**S^©N i F e*ll>feWttl4IOl 
50 S<fcJ13©Ba^?r^O/c0-CS>2). 
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[07 ] g£5fe&ffi£>N i F e 4s<tO'N i F e/CoFe 
[08] N i F e/C o F etlttlilCWIWS 

[010] n i f eTimvmz tmit&<Dm%*7j%L 
[sin *^©cu^'';Tii©/i$<t«c?stteie 

[013] :^9!<DCu*^tfRu'<yTJi©ff3&« 
Ja^fk^©M^^L/c0-C* 

[014] ^?§©n i - p t RMfflwm*m^tcm& 
<4asecD5aKbfl^*^o/c0r*-5. 

[015] ^^CDWSSOai@?rffi^)t^{SttSS@© 
[016] #2£9J<DN i - P t 



10 



20 



2000-215414 
16 

* [017] ^m<onmmmm<om$^xfc.m^<Dm 
[0i8] *mn<Dnmw®m<DC r ms&z&.PLtcm'i; 
[019] ^m<om%mmhmmn^m^fa^m 
[02 o ] x&w<Dmm*>->)---zm^fcm%Mz$m3L 
[02 i ] *mn<D&n-z>y--zm<,>tcw.mMmm£. 

[ff#©l&9J] 

i o~®Mi&Vi®$kmmm. i l-s&s&im 12- 
^ett*p^)i. 1 3 -%mi£&mm. i4 -t»k. 1 
5-^»tt@s®, 17. 1 3z-nmumm. is- 
#ffi*ijsirrife®. 1 9 ~Rmw®Bmm> 3 0 

3 5 - TgP^-^h\ 3 6 • •±g)5f>-^ K^TSBa 

r. 4o-n«f, 4 1 -m&wmm. 42-3^ 
;k 5o -2{*. 6 3-*tr6jffi. 6A -smmm^<D 
mnm^ 8 3--±sp=i7\ 9 91- 

%m!&#> 9 93- •Xf>KJU. 

94 -<t^ffi[iiss^. 1 3 1 - c o mm. 

1 3 3-N iS^Jl 0 



[01 ] 
H 1 



[02] 



E9 2 





000-215414 



[05] 

m 5 







^a) NiFelOnm 






b) NiFe 5 nm 








c) NiFe3nm 


¥■ 


— 








Oe, 



me] 



me 




4 6 8 10 12 

NiFejSCDlg<* (nm) 



2 
0 

•r* -2 

o 

TO _ 

m * 

-8 
-10 



C08] 

W 8 

gtass/TaS/NiFe5/Cuft)/CoFe1/Cu2.S/ra3 




230-c. chftMMtit 



'As deposition 



0.0 0.2 0.4 0.6 



0.8 



Ta3nm 



Cu 2.3 nm 



NiFe5nm 



Ta5nm 



glass 



12 



[07] 



10 5 3.3 



2.5 



KtFBlfi»t«|CoFfl1rvn 




KPeV4wl%/CeF*inra 



0.0 0.1 0.2 0.3 0.4 




0.2 0.4 O.B 0.8 



[010] 



1 1 ] 



Ta3nm 



Cu 2.3 nm 



NiFeSnm 



_Qj 1 nm 



MFeffl 



TaSnm 



ESI 10 




1 2 
NiFeTMfeJlG>f?* (nm) 



ESI 11 



glas3/Ta5/NiFe5/Cu2.3/Ta3 




0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Cu/\*)7®<Dm2 (nm) 



«f§8 2 0 0 0 - 2 1 5 4 1 



12] 



113] 



S 12 



ta 13 





o 

-2 


Ta3nm 


I" 

-8 
-10 


Cu 2.3 nm 


NiFe 5 nm 


Hu (t) nm 


NiFe 1.1 nm 


TaSnm 


qlass 



afi/NIFe5/Cu2.3/Ta3 




Annealed ai 23CPC for 3H 



0.2 o.4 ae 0.8 1.0 



1.2 



OMnPt 30 nm 



Co arm 



TaSnm 



o Cu/tyriS 
□ Ru/IUZJB 



0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Cu, RuytU/'jSflDJ?^ (nm) 



[HI 5] 



[016] 



[017] 



(NiFe) 




As deposition 



2 4 6 

&m(icr-7) 



10 



E 16 

NIFeJI©@£<nm) 
10 6 3.3 2.5 2 



0 17 

9bssn , aS/NiPt.NiPtCr(t)/MF63/Cu2.^ra3 




-10 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 
WFeJB<B©3 0>&& (I7nm) 



12 3 



[018] 

m is 



[019] 

El 19 



C12) 



2000-215414 



""X 



H2 0 ] 
El 20 




96^91 



[12 1 ] 



90 



n 



94 



OoO 



<jv)?&m m& must 



F £-M#*> 5D034 AA02 BA03 BA16 BB01 CA04 
CA07 



